The Biginelli one-pot three-component cyclocondensation was applied in this work to prepare 3,4-dihydropyrimidinone and its analogues using the first derivative of lead, Pb(NO 3 ) 2 , as a recycling catalyst, from a diversity of aromatic aldehydes, β-ketoesters and urea. The reaction was carried out in refluxing acetonitrile and afforded the target molecules in good to excellent yields. The method offers several advantages including high yields of the products, short reaction times and easy experimental workup procedure.
Introduction
Heterocyclic moiety is an important structure in many bioactive natural products and therapeutic compounds. In view of the increasing interest for the preparation of large heterocyclic compounds libraries and beside the usual multi-step syntheses, multicomponent reactions (MCRs) are becoming increasingly prevalent due to their improved efficiency, simple procedure, one-pot character, quantitative yields of the target molecules and the high and ever increasing number of accessible backbones.
3,4-Dihydropyrimidin-2-(1H)-one (DHPM) first synthesized by the original multicomponent one-pot Biginelli reaction 1 in 1893, and its derivatives show a diverse range of therapeutical properties and pharmacological activities 2 such as antimitotic 3 , analgesic 4 , antiviral 5 , anticancer 6 , anti-inflammatory 2,4,7 and antihypertensive agents 8 . Noteworthy, they have served as integral backbones of several calcium channel modulators 7 . DHPMs were also screened as neuropeptide antagonists 8 , agents in treating anxiety 9 , optic nerve dysfunction 10 and recently as antioxydant agents 11 . Further, the DHPMs scaffold is contained in a number of natural products including batzelladine alkaloids A and B which are found to inhibit the binding of HIVgp-120-CD4 cells 12, 13 .
Due to the importance of MCRs in combinatorial chemistry and the interesting pharmacological properties associated with DHPMs structures, the Biginelli reaction has received increasing attention and its scope has now extended considerably by variation of all three building blocks, thus, several modified and improved procedures have been reported 14 .
Among the diversity of methodologies reported in the literature, special attention has been dedicated to:
-Lewis acids, namely, Yb (OTf) 3 15 However, in spite of their potential utility, many of these methods generally require strong acidic conditions, stoichiometric amount of the catalysts, expensive reagents, prolonged reaction times and high temperatures. Thus, to avoid these limitations, we describe in this report an effective and rapid method for the preparation of DHPMs using a new catalytic agent Pb(NO 3 ) 2 in refluxed acetonitrile, (Scheme 1)
Experimental

Maretials and methods
Melting points were measured using a fine control Electro thermal capillary apparatus and are uncorrected. 1 H and 13 C NMR spectra were recorded on a BRUKER AVANCE DPX spectrometer at 250 and 62.9 MHz, respectively. NMR spectra were obtained on solutions in DMSO-d 6 . Chemical shifts are reported in parts of million (δ  ppm)  relative to TMS (δ  0.0) as internal standard and coupling constant (J) is reported in hertz (Hz). IR spectra were obtained as potassium bromide (KBr) pellets with a Shimadzu FT IR-8201 PC spectrometer.
General procedure
A mixture of aldehyde (1.0 mmol), β-ketoester (1.0 mmol), urea (1.5 mmol) and a catalytic amount of Pb(NO 3 ) 2 (5 mol%) was refluxed in acetonitrile (3 mL) under magnetic stirring for the appropriate time as indicated in Table 1 . Upon completion of the reaction, as indicated by TLC, the reaction mixture was cooled to room temperature, poured onto crushed ice and additionally stirred for several minutes.
The resulting solid was filtered under suction, washed with cold ethanol (4 mL) and recrystallized from hot ethanol to afford the pure product. In most cases, the crude product was dried under vacuum pump and shown essentially the same purity as the recrystallized sample. Finally, the aqueous phase was evaporated, and the catalyst Pb(NO 3 ) 2 was recovered. All compounds obtained according to this protocol were characterized and identified by their melting points and NMR spectra in comparison to those reported in the literature. The results are summarised in Table 1 . -6-methyl-4-(3-methyphenyl)-3,4-dihydropyrimidin-2(1H) 
Physical and spectral data for all the compounds
5-Ethoxycarbonyl-6-methyl-4-phenyl-3,4-dihydropyrimidin-2(1H)-one: 4a
M.p. 206-207°C, 1 H NMR (DMSO-d 6 ): δ (ppm)=
5-Ethoxycarbonyl-6-methyl-4-(2-methylphenyl)-3,4-dihydropyrimidin-2(1H)-one: 4b
5-Ethoxycarbonyl-4-(2-methoxyphenyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one: 4c
5-Ethoxycarbonyl-6-methyl-4-(3-hydroxy-4-methoxyphenyl)-3,4-dihydropyrimidin-2(1H)-one: 4d
4-(3-Chlorophenyl)-5-ethoxycarbonyl-6-methyl-3,4-dihydropyrimidin-2(1H)-one: 4g
5-Ethoxycarbonyl-6-methyl-4-(4-methylphenyl)-3,4-dihydropyrimidin-2(1H)-one: 4h
5-Ethoxycarbonyl-4-(3-fluorophenyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one: 4i
5-Ethoxycarbonyl-4-(4-hydroxyphenyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one: 4j
5-Ethoxycarbonyl-4-(2-furyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one: 4k
5-Acetyl-4-(2-methoxyphenyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one: 4l
5-Acetyl
5-Acetyl-6-methyl-4-(2-nitrophenyl)-3,4-dihydropyrimidin-2(1H)-one: 4n
5-Acetyl-4-(4-methoxylphenyl)-6-methyl-3,4-dihydropyrimidin-2(1H)-one: 4o
5-Acetyl-6-methyl-4-(2-thienyl)-3,4-dihydropyrimidin-2(1H)-one: 4p
Results and Discussion
We would like to disclose here our preliminary results using the inexpensive, easily available and recovered catalyst, Pb(NO 3 ) 2 for the preparation of 3,4-dihydropyrimidin-2(1H)-ones.
It is noted that this catalyst is the first derivative of lead employed to promote the Biginelli reaction. Therefore, it will be the leader file of other lead derivatives which have never been the subject of investigation up to now.
In order to improve yields, some experimentation with respect to the molar ratio of reactants and the nature of the solvent were examined. The best results to produce good to excellent yields (70-96%) of dihydropyrimidinone 4, were achieved on using a 1/1.5/1 molar ratio of aldehyde 1, urea 2 and 1,3-dicarbonyl compound 3 in the presence of 5 mol% of Pb(NO 3 ) 2 in one-pot condensation employing refluxing CH 3 CN (Scheme 1). The results are summarized in Table 1 . Apparently, under these conditions, the nature of the substituent in the aromatic moiety does not affect significantly the yield of the reactions. As can be seen from data in Table 1 , in all cases studied, the three-component reaction with both aromatic aldehydes carrying either electron-donating or electron-withdrawing substituents, heteroaromatic aldehydes and even alkylsubstituted aromatic aldehydes, proceeded smoothly giving the corresponding dihydropyrimidinones in high yields.
Further, instead of ethyl acetoacetate, acetyl acetone was used as the 1,3-dicarbonyl compound without loss of efficiency (Table 1 , products: 4l-p). For comparison purposes, yields obtained for 4a, 4f, 4g, 4j and 4k using the traditional Biginelli conditions (EtOH/HCl, reflux, method B) are given in Table 1 . As can be seen, the present method (PbN(O 3 ) 2 /CH 3 CN, reflux, method A) produced higher yields in shorter reaction times than the classical Biginelli method.
Conclusions
In conclusion, we have developed an efficient and simple method for the direct preparation of substituted 3,4-dihydropyrimidin-2-(1H)-ones via the Biginelli reaction using Pb(NO 3 ) 2 as a recovered catalyst in good yields and short reaction times from readily available starting materials.
